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(54) METHOD FOR MEASURING PHOSPHORIC ACID AND REAGENT THEREFOR 

(57)Abstract: 

PURPOSE: To prepare the reagent having excellent solution stability and used for measuring 
phosphoric acid. 

CONSTITUTION: The method for measuring phosphoric acid and the reagent for measuring the 
phosphoric acid are characterized by measuring the phosphoric acid in a specimen with a 
pyruvic acid dehydrogenase which catalyzes the below-mentioned reaction and is stable up to 
50° C at 6.3 for 1 5hr. The reaction equation: pyruvic acid + electron receptor — * 
acetylphosphoric acid + C02 + reduced electron receptor. And the method and reagent for 
measuring a substrate in a phosphoric acid-releasing system, such as ATP, pyrophosphoric acid 
or a phosphoric acid ester, and an enzyme catalyzing a phosphoric acid- forming reaction, such 
as ATPase, pyrophosphatase or phosphatase, are characterized by using the pyruvic acid 
dehydrogenase. 
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(4) [ JP-A-H6-178698] 
Paragraph [0023] 

Examples of the detection system of the reduced electron 
acceptor include e.g., the following conjugated systems: 

(1) Electron acceptor 
Phenazine methosulfate (PMS) , 

l-Methoxy-5-methylphenazium methylsulf ate (1-mPMS) , 
9-Dimethylaminobenzo-a-phenazoxonium (Meldola's blue) , 

(2) Formazan based pigment 

3- (4, 5-Dimethyl-2-thiazolyl) -2, 5-diphenyl-2H 
tetrazolium (MTT) 

Neotetrazolium blue 
Nitrotetrazolium blue (NTB) 
Tetrazolium blue (TB) 
Tetranitrotetrazolium blue (TNTB) 
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(57) [S«J] 

g£-r£8?fSi, #J;itfATPa s e. fc°n 7 x 



(2) 



4#§f}^6 - 1 7 8 6 9 8 



o P H6.3 , \5&mw£X5ox;$.x&mx$>z>\?j\'\f^8t 

[1*52] W(OATPHATPa.s etfffflS 
VBMcTEKlS«r«BIIU ^o P H6.3 , 

p zmm-r ^ r. **mr * -r <5 a t p <Dmm&o 

[IS*3S3] TEKtSSrttMtb, £.o P H6.3 , 15#ffl 20 

[»**4] AT Pa s e, TIBRJSSrttfflt U J.O 
pH6.3 . 15^r^SX50 < C*T^^T*fe5b:VUfc'>'^ 

5:^ *40tR WATP H£AK3R. 

rafciss; : tvutr^+y y»+t^g»* ->r-fe 30 

[0001] 

*7vwft^ XO^y >B^fiRRJSS:«jKi-6B*, #Jx. 
tfATPase. ^0^77^-^ ^77^ 40 

[0002] 

ia*cosaf] is*, itfli^R^oy >m<Dtt&7£&te 

>*9\s*is\tfc*7b}) 9— tf(EC2.4.2.1) , 
V*^*-*^—- tf(ECl. 2.3.2) fcJ:tJ^/u**S/^— 
^(ECi.n.i.7)**!9:S*s»J^te^tr/utr>»^^ 

tf (EC 1 . 2 . 3 . 3) *5 <fc t/-</U^^r fef (EC1 .11.1. 

7)£#SS-frSM5£ife («p^BS61-40400#^ffl) 



©■■^b, *»*©y>KflR£T-e»4*«»^ft*o 
tUv\ Mft0 9 4 -tr^xh})- 

Pyruvate Dehydrogenase complex £: IT Pyruva 
te rLipoamide oxidoreductase(ECl . 2.4 . 1) , Pyruvat 
e: Ferricytochrom bl oxidoreductase(ECl .2.2.2) R 
t/Pyruvate : Ferredoxin oxidoreductase(ECl . 2. 7.1) 

vate Dehydrogenase complex0^j£RJStClf3:*Sfi$ D 

ttlB*b*v^fc«>. rtL^(o»**y >a©a»eicrMfc 

[0 0 0 3] 

»B#*»LJ:5tt6MI] *»W*6«t±E«>» 
i\ 3Elci9«ai*coy^HSr«Jta**, 
[0 0 0 4] 

300 #) o JEfC#3g9J# b J* ^ tf> fcf/U fVg£^ t Kp^ 

y ^»<Dim&&mmt£'tzt><D 

t^ot, J.oy>»o*^»*KiSj«o|MS^*3v> 
*y vU*T?Wfeb»»ri:*rAv^fflLfc. y 

[000 5] -f4fe*>*S5M ttKJpr*! 1 © y ^KfcTIBR 
J^^rtt^L, ^o P H6.3 , IS^WAQ-S-eSO^^-C^^T 

^y^»+C02 +iS7cSS J fS«»: 
[0 0 0 6] 4fc#J8W4K»*©ATPlCATP a s 

o p H6.3 % 15^ra^ST50 < C^-C^-CfeSe/utr>g? 

^s^§«*^ fc« tvw ^ ^mzmm-r 5 r <t ^ x v . 
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[0 0 0 7] *bli*«WttTERrt;S:ttaL, £.o P H 

6.3 . \5#m&mx50X:&x&j£x&zt 9 /i'\i*>m : rK 
r t y >mm.mtm?*>*. 

[0 0 0 8] $fc*8WHATPa s e, TEKJCSrltt 
ffltU E.o P H6.3 , 15#m$imX*50X:tiX+$:feX~&>Z>\? 

£ £ £r4#® it^ATP ««ffl»«|"Cib 10 

So 

^y >-g?+co 2 +ii7c^m^s^» 
[ooo9] «nc y >«&aj5£ 

[0 0 10] *XHICttffl3ft&^A'lf:'fl^fc Kni^ 
U pH6.3 % 15»IB*a^5ffC*-T?««4J»*3Ett^« 

X- ^tm^JCM 1063, JCM1248 . 7? h/<^vU* • 
f^7y 5/^-^ -IF03202 , IF03534 , y ? b'^/ls* 

•ty^y>>A- -y-y^t*— >x ■ -y-y /<y ^ajcm 12 

So 

[0011] *»w*-«ffl-rs«Sc«tt^«i^fctr^hr 



5, ««»!Mrt:a»l*-4BIB-C4*U Bffrrtfclf/u 
[0 0 12] *«M^^^*»»0»»jSfett--«lctt 

,(>/xf;U7;yxf;l,) t77P-^, CM Wj/Uatf* 

[0013] *jc*»w^fieflB-r««*^— «-e*>-5. 

(1) fWB 

C02 H-aKcffi^SS* 

(2) S«#Jltf: 

(a) *-*1PcjI», DL- ?LS£, RBhfefcW: a — Jr h iJOu 

(b) S^e^&lcS^O^^fc^, &U<TiE^l 

^ri/^-if [Fed.Proc.13 #734 —738(1954) ] 

[0 0 14] 
[^1] 
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±is^^, m^&mm t tti^ft^ttt^ t * [ooiei 
vmmm&'rz zbicxv, *mmnm*m im 2 ] 

[0015] (3) MSpH 

\f/u\f>&tf*-\i Knyt- tfora£pHOj^£5fc^fc e 20 

U^-Til K@pHte6.2 -6.3 fd-ift-Cfe^o 

(4) ?c^pH 

^ffi(C^50inM^^ffi®(pH3-'6). 50mM K- y 
^(pH5.5~8). 50mM Tris-HCl &mWi*m\ 25^, 

(5) 

(6) ^^Jttt 

tVutfVg^t: Kn^t- tf£50mM K- y l/mmffi1&. 
pH6.3 TMO-eorrMS^P^P^L/c^, ^#^£8^ 

(7) 





*B*tS1£ (%) 




100 


T P P 


0 


FAD 


85.7 


•J >g? 


0 


Mg 2 + 


0 



[0017] sx±<Dmm£ ±mmmte^7r?*- 

<hbTTPP (f7^yfP^7x-b) , FAD, 

(b) »*Sttffl3E&I^T^-*-R^*(OMgS04 C0ftt>«9 
i-, »c^^-ra*oAJRSrfflv>-C»*SttS:JH^bfeo 

teugso* ^ttosttsrioo b-cts^-Stt-e^b^o 

[0 0 18] 
[^3] 
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mmm®. <%) 


MgSO. 


1 0 0 


Mn C 1 2 


3. 0 


C o C 1 2 


114.4 


C a C 1 2 


10 8. 9 


ZnSO, 


6 6. 7 


B a A c 2 


0 


F e C 1 » 


0 


N i C 1 2 


8 8. 3 


C u S O z 


0 
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*<D1&^ Mg 2 * , Co 2+ , Ca 2+ , Zn 2 * ioXXMi 2 * \C£ *)# 
[0 0 19] &«c«8WOtf/wtr^lfc^l: KP^t-fef 

0.15M K-y pH6.3 
3mM TPP 

0.15mM FAD • Na 2 
15mM EDTA • Na2 
0.1 5mM MgS04 

ImM 1-^ h^PMS-lOmM NTB 
10% Triton X-100 



10ml 
2ml 

2ml 
2ml 
2ml 
3ml 
1.5ml 
2.5ml 

±KEJ6««rWSELfc«, 2.5ml £rf*IM?tc#E* U 0. 
3Mfc 0 /ue^^7 y *A*«»«:0.5ml #D*:T, 37^5 

fcWfn*. **»Hlc37t:ic«(1B*n*:»*3ftK«-"C57 
Onm td&ttS l^WaD^iR*SaC{fc4:*a?>S (AODte 
st) o Wftti:, »*gffiO«:t>!9{C»S*R»50mM K- 
yvgBKffiriK, P H6.3 SrO.lnl- in*., ±l5l^«fc»f^4r 
fToTl 5>BBS»?<oeR3tS^t:**«>5 (AODblank), 

1 #IBS>fc»9 1/2 -v<? v*;i'<Dis7*ji>^-y : >&±& 

-rzmmmcL&i mit (to <t-rs 0 
[0020] **weffiffl-rsJRgcffitt{cflEix^:tr^tr 

fc. 

l. J&* 

^31^-^0.5%, JKy-<>^h>2%, B?S:^3r;U%, KzHPO^ 
•3H 2O 1%, MgS04 7H2 00.02%£^t>i&iS(pH6.8) 90ml£5 
00ml 0:77* =MC#U 121X:. h? 



30 



40 



50 



l — y*ff^tz 0 ftiPL/cm. SU«SLX20%fcfyutr>' 
^ h y ^^7K^ffi(pH5.0) *&BWl;n<M8s*DLfc„ 

1X7^ b^^/U* • vvKT'y y^-f • IFO 3202 
«rH«MfiK— e^?git, 37*C-?24B*mSEBtt« US 
Lfce »^l3*flS5.4L«rlOL , ^t-7r-> 
tC#U 121 ^"ClS^ra^-h^U-^S: fifV\ 

0ml Sft&DLfco r*UC:jii#^fgl00ml 300rpm, 
ilSlft 2L/#, 37^n?24l*|!0tt« Ufc. ig#^TB3Wt° 
yUtfvR^t Ko^t- tfStel*. 0.35U/mlT*&o fc e 
2. «*« 

«*«6LSra^«tCT«S U 50mM K- y 
pH7.0, lOOmlteTIBWILfc. jHffKWMI (W±«* 
«19KHZ)^T15»IB«yffiL, J8^»«IL-C-t«>±flMK«r 
#fc e ±»«Sr, 50mM K- y pH7.0 (Ct¥i 

it L/cDEAE- t7rn- ^CL-6B(^r^^i/Tffi) 
A^nvh^77^HCftU 0M).5MNaCl 

^*ffl«^-C»»Lfea. 50mM MESSSjf& pH 6.3 CT 
¥8HfcLfci?:7 7^:y^*G-200 (7 7^'>7S!) 

[0 0 2 1] *»WC«K3|SHC % iEtryufva^t K 



9 
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SSKJ:0 FAD&ffii\h,tfJ:<, § feK^fcroR/ftlc 

[0022] *am*imme>mm*k lt w»*rj» 

^tr>»« 10 —500 /iM % FAD m —20 mH > TPPj^J 

o.i — o.smM , tem-r^^mi^ somM, m^F-s^*^ 

0.01 -lmM . Jgffiffi pH5-7.5 Mt/JOS7cS«^S^ 
flsrt LTtf-rt^if^ftWB 0.1-MQodl&£4r*-5. y 

[0 0 2 3] «*S«*SS»0>tftfcH*£ LTtt. #J;i 

HM^x— KPMS) 
l-> ^^^^^v^^A^^U^/U^^— h 

(1-mPMS) 

;uh7 ^Vp— ) 

3- (4, 5- y^^vU-2- ^-r>^y/U)-2.5-^7*^U-2H 30 
rh7/y *-MMTT) 

h7^y 

^hDfh7/!i ^J^-flV— (NTB) 

^ h 7/y $J*zf;u— (TB) 

r- h7^ hnfh7/y r> (TNTB) 

[0024] *»wic*5i^r, y >m&mmt 

^^ic^ott^S®, ffilitfATPSriBJ^-rsicW:. AT 
Pa s e, JiiEfcVufc^g^fc: KP^t-^ eVWfcTV 



[0 0 2 5] *»9Blc*5V^T, &&tp<OV >8tmj&&& 
ATP. .LiSfcVUfV&^t: Kayt- If, f/utT>» 

*T 5 \ fc a ^ ttBH b^m^S^fr* f* fcVu trvgfcco 
m»aS:a!J^5^^«cJ:l9. KS^ATPaseO 
M^iSw^^t^So ltep^77^« 

aKcffi«^g*«:, -■Mb»*xttT-fe^/wy^ifc 

*> a v^ttBMtSK^f*:* fctt tr/u tr >»<D *JBS3t 
[0 0 2 6] 











MES^ffi?S pH6.3 


50 mM 


FAD ■ Na 2 


10 /iM 


TPP 


0.2 mM 


MgSO* 


10 mM 


1-mPMS 


0.1 mM 


NTB 


l.O mM 


Triton X-100 


0.5 % 


y 


50 mM 




O.I U/ml 



±E<Ofififc.fc9fc5EJ£»3.0iDl Sr»»L. 37^X^5 

»Bn^«*o«au, rtt^y v»i*y ^atK»?S(6-3o 

mM)0.lmlSr8yiDLfc«, 37^,5^^^-^, 570nm fC 

[oo27] mmm 2 

MES pH6.3 50 mM 

FAD • Na 2 10 *zM 
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TPP 0.2 mM 

MgSto 10 mM 

1-mPMS 0.1 mM 

NTB 1.0 mM 

Triton X-100 0.5 % 

fcVUfcT^Sfctfy £A 50 mM 

ATPase 1 U/ml 

\*/U\f>»r\i Vvf-t—H 0.1 U/ml 

±IE^aSfc<t?J*-6K«»3.0nl *:#8tU 37 < C-C|95 
£IH)-TOft]&U :nt:ATP (6~30mM) 0.1ml 10 
&muL,tz&, 37X: ,55MBEJS£ii\ 570nm K*5lt3K 

m+to at pm&tfiuM ow»at*-e«ae>TA»*«* 

[00 28] HjffiM 3 

MESSSfS pH6.3 50 mM 

FAD- Na 2 10 At M 

TPP 0.2 mM 

MgS04 10 mM 20 

1-mPMS 0.1 mM 

NTB 10 mM 

Triton X-100 0.5 % 

fcV^tf^g^y^A 50 mM 

bf/Utf^g^h: Kpyt-f 0.1 U/ml 

JiE<oafiK«tl9 3SSSJS:fflE3.0Dil £:#I&U 37^$) 5 
»IB^«*D«ai-*o mtcikff 0.1ml ^r^APLfcm. 37 

•9itfe^ftbfc 0 *fcw-<DjiiL»«:nTisfp amt&my 

J-Y*?-- IP) Srfflv^JBISU ^OfB&§£##> 30 

r=0.984 (n=59) 
Y-0.981X+0.07 

[0 0 2 9] 



tox\ K7>r • ^ * h y-, mmimmtez. fcnm 
trvK^t Kpyt- tf, tpp, tr/utr^»jj[«^g 

< t h imv>&m-<*>'te£Xf&m\c£r) FAD^b4 

*> ^^-oSJSm^^S^S^Wc^hcz^h^^y 
W^Lf^ATP, tfpyyg?> y y^/x^f 

TPase> fc°ci/jN^^ r * — if, Jtfc*7r*— £*Jf 

[19 2] *«W^^eySft Ko^t- tf<Z>3c5£pH 
[##0)8191] 

0*. O-Oli50mM»»»««, •-•J250mM K- y ^ 

K&ffiftu A-Ate50mM Tris-HCl «»R«:jjH- 0 

[03] tt^oe;ut*>ift Koyt- t?toM3i& 

[04] ^JBWotf/n^^K^t Kp^t- tfofR^Jt 

[0 6] *»W©^fy»7t Kpyt-fSrfflv^ 
ATP<D*$fi^£7jM- 0 

[07] ^js^j2 {c*5tt^mi5p p o<toffiM0^-r o 
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MID/oln 
0.14 - 




ATPSft (mM) 



